Trichoderma sp., a well known biological control agent against several phytopathogens, was tested for its phosphate (P) solubilizing potential. Fourteen strains of Trichoderma sp. were isolated from the forest tree rhizospheres of pinus, deodar, bamboo, guava and oak on Trichoderma selective medium. The isolates were tested for their in-vitro P-solubilizing potential using National Botanical Research Institute Phosphate (NBRIP) broth containing tricalcium phosphate (TCP) as the sole P source, and compared with a standard culture of T. harzianum. All the cultures were found to solubilize TCP but with varying potential. The isolate DRT-1 showed maximum amount of soluble phosphate (404.07 µg.ml -1 ), followed by the standard culture of T. harzianum (386.42 µg.ml -1 ) after 96 h of incubation at 30+1 0 C. Extra-cellular acid and alkaline phosphatases of the fungus were induced only in the presence of insoluble phosphorus source (TCP). High extra-cellular alkaline phosphatase activity was recorded for the isolate DRT-1 (14.50 U.ml -1 )
INTRODUCTION
Phosphorus (P) is second only to Nitrogen (N) as the most limiting element for plant growth (3, 18) , making up about 0.2% of a plant's dry weight (25) . The concentration of soluble P in soil ranges from 0.05 to 10 ppm (4) and in soil, more than 80% of P becomes immobile and unavailable for plant uptake because of adsorption, precipitation or conversion to organic form (12) . The fixed form in alkaline soil is tri-calcium phosphate, Ca 3 (PO 4 ) 2 , while in acidic soil, it is mainly FePO 4 and AlPO 4 (26) . proportion of P solubilizing microorganisms (PSMs) especially bacteria, fungi and actinomycetes reside in the rhizosphere of plants and play an important role in solubilization of bound phosphates, making them available to plants (9, 27, 29) .
Fungi have been reported to possess greater ability to solubilize rock-phosphate than bacteria (17) . The fungi, and probably all living organisms, synthesize a number of phosphatases which are necessary to scavenge phosphates (Pi) from medium containing bound phosphorus. Both acid and alkaline phosphatases exist in soil and are distinguished on the basis of pH ranges at which they are active. These are secreted in response to signals of the absence of Pi (19) . Seed or soil inoculation with PSMs is known to improve solubilization of fixed soil P and applied phosphates, resulting in higher crop yields (1, 7, 14, 23 ).
Considering the lower fertility level of soil, the study was primarily planned to evaluate the in-vitro phosphate solubilizing potential of rhizospheric Trichoderma spp. using National Botanical Research Institute Phosphate (NBRIP) medium and to investigate the induction of phosphatase (acid/alkaline) enzyme during the process in the culture medium. Based on these preliminary studies, superior isolates were selected for application in plant growth trials. The selected Trichoderma sp. isolates having high P-solubilizing potential were tested for influencing the growth of chickpea (Cicer arietinum) as a function of 'P' application under glasshouse conditions.
MATERIALS AND METHODS

Screening of Trichoderma spp. for in-vitro P-solubilization
One standard culture of Trichoderma harzianum Rifai, MTCC792 (Th-Std) and fourteen isolates of Trichoderma spp. 
Development of inoculum for glasshouse trial
Th-Std and the isolate DRT-1 were inoculated on Roux bottles containing PDA and incubated for 5 d at 28+1 0 C. The greenish spores were harvested aseptically using autoclaved water and spore-count (cfu.ml -1 ) was determined by serial dilution plate count method (6) . 
Treatment of chickpea with Trichoderma isolates
Statistical analysis
Completely randomized design (CRD) was followed for the designing of the experiments and the data was analyzed by ANOVA (analysis of variance). The common difference (CD)
of the treatments was considered to be significant at the 5% level (P= 0.05). by the standard culture of T. harzianum, which was significantly higher than the enzyme activity for other isolates.
RESULTS
Solubilization of bound phosphorus (TCP) by
In the medium containing both available P, KH 2 PO 4 (0.5 g.l -1 ) and bound P, TCP (10 g.l -1 ), a minimal enzyme activity was observed initially (at 48 h) which gradually increased from 48 to 96 h ( Table 2 ). The TCP 0 treatment did not record any enzyme activity.
Extra cellular Alkaline Phosphatase (ALP) enzyme activity
Likely to AcPs, maximal extra cellular AlP activities were also recorded at 72 h interval invariably for all Trichoderma cultures in PVK media containing only bound phosphate i.e.
TCP (10g.l -1 ) (Fig. 2b) . DRT-1 reported highest enzyme activity (14.50 U.ml -1 ) and specific activity (658.62 U.mg along with TCP at high concentration (10 g.l -1 ), the cultures invariably showed a minimal activity during initial growth phase (at 48 h) followed by a gradual increase, reaching maximum and significantly higher values at 96 h (Table 3) . At 96 h, DRT-1 reported highest enzyme and specific activities followed by Th-Std and PRT-1 cultures. Moreover, no enzyme activity could be detected in the TCP 0 treatment.
Glasshouse experiment
The influence of Trichoderma inoculation on chickpea was determined after 60 d of sowing by measuring different growth parameters viz. lengths of shoots and roots, along with their fresh and dry weights ( (Table 1) . Further, a gradual decrease in pH values is in agreement with the findings of Illmer and Schinner (1992) (13) , who have also reported a decrease in pH upto four days followed by a gradual rise during P-solubilization by Penicillium and Pseudomonas in liquid cultures. It has been suggested that microorganisms which tend to decrease the pH of the medium during growth are efficient P-solubilizers (15) .
Contrary to the decreasing pH for individual cultures upto 48 h and then acquiring constancy, the soluble phosphate concentrations continue to increase after 48 h. This clearly suggests that pH drop is not the sole factor for P-solubilization.
An initial increase in phosphate concentration followed by a gradual decrease in culture filtrate as observed by us has also been well documented by other workers (18) . Decrease in phosphate concentration at 120 h might be correlated with its sequestration in Trichoderma mycelium, to be released in a readily available form in close proximity to the roots after lysis of mycelium with age.
In the natural habitats, the phytopathogenic fungi like
Pythium and Rhizoctonia are unable to solubilize phosphates and can be suppressed easily by the high competitive efficiency of T. harzianum through P-uptake (2). Apart from Psolubilization, simultaneous synthesis and release of pathogensuppressing metabolites like siderophores, phytohormones and lytic enzymes, by PSMs can prove to be useful (28) .
Extra cellular AcP enzyme activity
The decrease in AcP activity of all the cultures after reaching a maximum at 72h might be due to the repression of AcP by available phosphates released upon complete dissolution of TCP from the culture broths after 72 h interval. 
Extra cellular ALP enzyme activity
The high phosphatase activity of DRT-1 (14.50 U.ml 
Glasshouse studies using chickpea
About 22% and 33% increase in dry shoot weight, and about 35% and 60% increase in dry root weight was observed for 100 mg and 200 mg TCP application/kg soil respectively.
However, significant difference between Th-Std and DRT-1
isolates with regards to growth parameters could not be well established, but both the isolates proved to be directly involved in promoting chickpea growth, probably by the dissolution of insoluble tri-calcium phosphate amended in the soil, as compared to uninoculated controls. Reyes et al., (2002) (22) reported phosphate solubilizing Penicillium to be able to stimulate the growth of maize plants as indicated by 3.6 to 28.6% increase in dry matter yields under greenhouse trials.
Increase in growth and yield parameters of chickpea grown in P-deficient soil amended with insoluble rock phosphate due to
Trichoderma inoculation, as compared to uninoculated controls under both glass house and field conditions has been reported by Rudresh et al, 2005 (23) .
CONCLUSION
This study highlights the comparative phosphate solubilizing potential of Trichoderma sp. isolated from different tree rhizospheres. It was found that all the isolates were capable of differentially utilizing 10 g.l -1 TCP in NBRIP broth. This was indicated by the soluble phosphate concentrations (µg.ml -1 ) and increase in acidity (decrease in pH) of the growth medium. However, the P-solubilizing efficiency was found higher in case of the isolates, DRT-1 and Th-Std. This was further confirmed by their high AcP and ALP enzyme activities. Moreover, these isolates brought about significant increase in the growth parameters of chickpea under glasshouse trials, suggesting their applicability for crop improvement.
